This study is a review of reproductive records for chimpanzees (Pan troglodytes schweinfurthii) living in Gombe National Park, Tanzania, between 1964 and 1994. Females exhibited their first full anogenital swelling at approximately 10.8 years of age. Duration of adolescent infertility averaged 2.37 years, with first conception occurring at 12.7 years and first parturition at 13.3 years. The menstrual cycles of young nulliparous females were significantly longer than those of older multiparous females (average 39.8 days versus 33.8 days). Analysis of anogenital swelling patterns indicated an average duration of 12\p=n-\13 days for maximal swelling in all classes of cycle. Nulliparous and postpartum females exhibited a similar pattern of shortened detumescent phase, indicative of anovulation. Duration of gestation averaged 225.3 days (range = 208\p=n-\235)with no significant fetal gender effect. When an infant lived to weaning age, the postpartum amenorrhoea of the mother averaged 3.86 years, whereas if the offspring died as an infant the mother resumed menstrual cycles an average of 35 days later. Once postpartum cycles resumed, the next conception averaged 142.5 days later if the previous infant had survived, but sooner (92.9 days later) if the previous offspring died in infancy. Interbirth interval averaged 5.15 years. Analysis of behavioural records indicated that a lower percentage of conceptions occurred during consort matings than was previously thought, suggesting additional research is needed on this topic. Detailed discussion focuses on the environmental influence on reproductive parameters described here. Future work in this area will probably identify the importance of diet \p=n-\via basic nutrition and phytochemical content \p=n-\in effecting the seasonal and individual differences seen in this study. hyaluric acid, resulting in water accumulation (see Graham, 1981) . Chimpanzees exhibit a long period of adolescent 'steril¬ ity' (or, more accurately, 'infertility') from the time of menarche to the first conception. Young and Yerkes (1943) suggested that, in adolescence, ovulation may occur but the secretion of progesterone is typically not adequate to support pregnancy, *Current address:
Introduction
The study of chimpanzee reproduction has a long and success¬ ful history. The earliest scientific investigations of laboratory chimpanzees (in the 1930s) addressed such issues as menstrual cycle and pregnancy duration as well as other reproductive parameters. Because those studies were conducted in a captive setting, the findings were generally given in exact figures and were supported with hormonal measurement to examine, among other aspects, the proximate cause of the periodic anogenital swelling occurring in menstrual cycles of female chimpanzees (Yerkes and Elder, 1936; 1937; Young and Yerkes, 1943) .
It was not until the late 1960s that field researchers could address reproductive concerns in wild chimpanzees. Owing to longevity and slow maturation rate of chimpanzees, in addition to the difficulties of reliably observing subjects in the field, most reports concerning reproductive parameters under natural conditions rely heavily on estimates of age. These often provide only scant data from small sample sizes, and as yet are not accompanied by hormonal data. However, field studies have been extremely valuable in aiding our understanding of chimpanzee biology, particularly as they confirm the impor¬ tance of environmental influence as indicated by many differ¬ ences between captive and wild populations. These differences are almost entirely attributable to nutrition. Elder and Yerkes (1936) first noted that '.
. . good diet, social and hygienic conditions are necessary for reproduction to proceed naturally . .
.', citing nutritional inadequacy or emotional disturbance as the primary cause of spontaneous abortions in chimpanzees.
Chimpanzee reproductive cycles and anogenital swellings
As puberty approaches, the genital skin of a female chimpanzee begins to show variable swelling in response to increasing concentrations of circulating steroids. The swelling is due to an organ-specific, oestrogen-induced effect on that is, the failure is one of luteal function rather than of ovulation.
Once maturity is reached, menstrual cycles become more regular and the hormonally controlled swelling involves skin surrounding the entire anogenital region. This anogenital swelling, often referred to as 'sexual swelling' or Oestrous swelling', fluctuates cyclically, gradually increasing during the follicular phase and staying at maximal turgidity during the peak concentration of oestrogen. With the increase of proges¬ terone, there is a rather sharp decrease in swelling and total quiescence lasts until menstruation occurs and the menstrual cycle begins again. Ovulation typically occurs on or around the last day of maximal tumescence (see Graham, 1981; Nadler et al, 1985; Steinetz et al, 1992, for review of chimpanzee reproductive endocrinology).
The measurement of anogenital swelling, and the charting thereof, has long been used by researchers to track reproduc¬ tive health, identify pregnancy, and predict parturition dates. Modern assessment of chimpanzee anogenital swelling sepa¬ rates the gradual swelling (termed tumescence) seen early in the follicular phase from that of maximal tumescence. The partial swelling that occurs in the early luteal phase is termed detumescence. Another method of monitoring chimpanzee reproductive cycles cites labial occlusion as having the poten¬ tial to predict time of ovulation and to assess the adequacy of the cycle (Dahl et al, 1991) .
Anogenital swelling and its correlation with sexual activity continues sporadically during pregnancy of both captive (Tinklepaugh, 1933; Yerkes and Elder, 1937; Wallis, 1982; Wallis and Lemmon, 1986 ) and wild (van Lawick-Goodall, 1969; Tutin and McGinnis, 1981; Wallis and Goodall, 1993; Wallis and Bettinger, 1993) chimpanzees. The hormonal mechanism producing this swelling is not well understood, but gestation-related anogenital swelling occurs most often in early pregnancy and is negatively correlated with the age of the mother (captive: Wallis and Lemmon, 1986; wild: Wallis and Goodall, 1993) .
Occasional anogenital swellings may also occur during lactation. These swellings are more erratic and less frequent than those occurring in pregnancy, but are still accompanied by sexual interest from males (Wallis and Bettinger, 1993) . More¬ over, a female with an infant may exhibit a 'false start' swelling cycle which appears normal, but occurs significantly earlier than expected and is followed by several months or even a year of anogenital quiescence before regular menstrual cycles begin (Wallis, 1992b) . False start cycles are not seen in females after infant loss; those mothers typically resume cycles very quickly. However, most female chimpanzees are still nursing an infant when they resume postpartum cycles and weaning may not be complete until the mother is already pregnant again (Tutin and McGinnis, 1981) . Therefore, the term 'post¬ partum amenorrhoea' is a more accurate term than 'lactational amenorrhoea' for chimpanzees.
Consortships
Three distinct mating patterns have been described for chimpanzees (McGinnis, 1979; Tutin, 1979; 1980;  Hasegawa and Hiraiwa-Hasegawa, 1983; and see review in Morin, 1993) .
Chimpanzee copulations may occur opportunistically, within the group, in which a female may be mated by all males of the community. Alternatively, they may occur in more restrictive patterns, either within the group, where a high-ranking male prevents other males from mating with a female (possessive mating), or away from the group, where a male escorts a female away for exclusive copulatory access (consortships). Tutin (1979) reported that 73% of copulations were in opportunistic, 25% possessive, and only 2% occurred in consort settings. However, by definition, consort partners try to avoid contact with others (including researchers); therefore, it is difficult to obtain an accurate assessment of these mating patterns.
Seasonal influence on reproduction
Young and Yerkes (1943) cited evidence of seasonal amenorrhea in captive chimpanzees: the duration of menstrual cycles increased during North American winter months. In addition, they found that menarche tended to occur most often during the summer months, which was also the most favourable time for normal cycle activity.
A strong seasonal influence is seen in a number of reproduc¬ tive aspects of wild chimpanzees. Females resume postpartum cycles most often in the dry season (Goodall, 1986; Nishida et al, 1990; Wallis, 1992b; 1995) . In addition, the first full anogenital swelling in young females, anogenital swelling in pregnant and Iactating females, maximal swelling in cyclic females, and the timing of conception are all seasonally influenced, each reaching peaks in the late dry season (August to October) (Wallis, 1995) . Seasonal variation in diet is cited as the possible cause of this phenomenon.
As indicated above, most reports of reproduction in wild chimpanzees have relied heavily on estimates or contain very small sample sizes. The present study, a survey of the long-term records of free-ranging chimpanzees in Gombe National Park, supplements those earlier reports. The objec¬ tives were to re-examine and expand the previous findings, address aspects of the reproductive profiles of this population that have not been discussed previously, and suggest potential areas for future investigation. Specifically related to the three sections above, this study: (1) assesses anogenital swelling patterns as they relate to age, parity, and fertility; (2) investi¬ gates the incidence of conceptions resulting during consortships; and (3) examines the seasonal influence on the duration of reproductive cycles of chimpanzees.
Methods
The study subjects were free-ranging chimpanzees (Pan troglo¬ dytes schweinfurthii) living in Gombe National Park, Tanzania, East Africa. Gombe is located on the eastern shore of Lake Tanganyika at 4°40'S, 29°38'E. It consists of a 10 mile by 3 mile strip of mountainous terrain, composed of alternating thick riverine forests, deciduous woodland, and hilltop grass¬ land (see Goodall, 1986, for a detailed history of Gombe). The study population, the Kasakela Community, ranges in the central portion of the Park, and has consisted of approximately 40-45 chimpanzees throughout most of the period under review.
For assessment of general issues such as timing of reproduc¬ tive events, infant gender and infant survival rate, the data set included all records from January 1964 to December 1994.
However, for detailed analysis of duration of gestation, dura¬ tion of menstrual cycle, and anogenital swelling patterns, only data from mid-19 75 to mid-1994 were used, as these are the most reliable records available. Because Gombe data collection has focussed more on male subjects, and because female chimpanzees tend to exercise a great deal of variability in their travel patterns and social contact (i.e., they are not observed every day), only portions of the data on reproductive parameters were judged adequate for analysis.
Duration of menstrual cycle
The duration of menstrual cycles of free-ranging chimpan¬ zees can be difficult to assess because females are often absent (on consortship or travelling near the community border) during part of the oestrous phase. Therefore, only a selected number of cycles was considered adequate for this study.
Traditional menstrual cycle assessment designates day 1 as the first day of observed menstrual flow (or the first day after menstrual flow has ended). However, because menstrual blood is often not detected under free-ranging conditions, duration of menstrual cycle for this analysis was measured from the day after maximal anogenital swelling ended in one cycle to the last day of maximal swelling in the following cycle. Cycle duration was determined for three classes: cycles of nulliparous females, and infertile and fertile cycles of multiparous females. (A fertile cycle was defined as a cycle resulting in conception as indicated by subsequent evidence of miscarriage, stillbirth, or live birth.) A Student's t test was used to determine differences between groups.
Anogenital swelling phases
At Gombe, a five-stage scale is used to measure the degree of anogenital swelling in female chimpanzees: 0 = no swelling; 1 = maximal tumescence; and 1/4, 1/2, 3/4 = fractions thereof. For the anogenital swelling phase assessment of this study, the three fractions were combined to represent a partial swelling level. For this analysis, the partial swelling phase preceding maximal tumescence was termed 'tumescence' and the partial swelling phase following maximal tumescence was termed 'detumescence'.
The duration of anogenital swelling phases was determined for five reproductive classes. For the multiparous females, cycles were grouped according to whether they were a first postpartum cycle (i.e. a cycle preceded by postpartum amen¬ orrhoea) or a 'regular' cycle (i.e. a cycle preceded by another cycle). Each of these was further subdivided into fertile and infertile classes. In addition, anogenital swelling phases were calculated for post-menarcheal nulliparous females. A Student's I test was used to determine differences between groups.
Because free-ranging subjects are not reliably observed every day, the database included some cycles for which data for some days were missing. A conservative method of assessment was used for the missing days, i.e. if a female was partially swollen, followed by a day of missing data, and then a day of maximal anogenital swelling, the missing day was assumed to be a partial (not full) swelling day. This analysis used only cycles for which there was a minimal number of missing data.
Erratic and unusual anogenital swellings may occur during chimpanzee pregnancy (Yerkes and Elder, 1937; van Lawick-Goodall, 1969; Wallis and Lemmon, 1986; Wallis and Goodall, 1993) ; often the anogenital skin of a young pregnant female detumesces only slightly after conception and remains in a partially swollen state for several weeks. Therefore, the detumescent phase of fertile cycles was not assessed for comparison in this study.
Age at first full anogenital swelling For this analysis, data were considered for only the young females of precisely known age using the criteria for their birthdate as described below. Because of the irregular nature of early anogenital swelling patterns for adolescent females, the occurrence of the first full anogenital swelling of a female chimpanzee does not always indicate normal cyclicity; the first full swelling may last only 3 or 4 days (Wallis, 1994) .
Estimate of gestation duration, conception and parturition
For analysis of gestation duration, no pregnancies were included in which the first record of an infant gave an estimate of more than 3 days of age. In fact, most cases used in this study involved infants identified on the first day of life, that is, the mother was seen with a newborn 1 day after having been observed as still pregnant (and with no infant). In addition, when a retrospective review was made for the estimated time of conception, if the female was not seen for several days during the periovulatory period, that pregnancy was excluded from the duration estimate. For simplicity, the last day of maximal anogenital swelling during the last normal swelling cycle (the fertile cycle) was considered the day of conception (Graham, 1981) . All stillbirths were omitted from the gestation duration analysis as it was impossible to determine whether death was due to prematurity (shortened gestation) or another cause. In addition, because multiple births tend to be premature (humans: Jones et al, 1990; chimpanzees: Yerkes, 1934) , the gestation duration of the one twin birth is provided separately but was omitted from the analysis.
Once the dates were determined for first anogenital swell¬ ing, conception, parturition and resumption of postpartum cycles, calculations were made for: adolescent infertility, esti¬ mate of duration of gestation, interbirth interval, duration of postpartum amenorrhoea, and time from resumption of postpartum cycles to the next conception.
Consortships
A review of the Gombe chimpanzee behavioural records from May 1975 to April 1994 identified conceptions that may have occurred during a consortship. As with previous refer¬ ences on this subject (McGinnis, 1979; Tutin, 1979; Tutin and McGinnis, 1981) , consort pairings were often inferred from the records; when an adult male was not travelling with the main *For this group, swelling phase data were from 17 cycles only. For fertile cycles, no data for detumesence are provided. group of adult males and an adult female was also absent from the community during the same period, this was considered an implied consortship. Very often, however, the consorting pair was observed by research staff and a 'consortship' was recorded as confirmed. Post-hoc analysis of the records deter¬ mined whether the female was cyclic, acyclic (in postpartum amenorrhoea), or pregnant at the time of consortship regardless of the specific anogenital swelling present.
Assessment of seasonality
For determination of seasonal influence, the data were divided into seasonal quarters, based on long-term rainfall patterns at Gombe National Park (see Wallis, 1995) . The quarters were: early dry season = May-July; late dry season = August-October; early wet season = November-January; and late wet season = February-April. A general linear model was used to assess seasonal quarter effect.
Results

Duration of menstrual cycles
Analysis of duration of menstrual cycles was made on the following data set: cycles of nulliparous females -20 cycles from six subjects; multiparous infertile cycles -33 cycles from six subjects; multiparous fertile cycles -20 cycles from 14 subjects.
If the infertile, regular cycles exhibited by the nulliparous and multiparous females are considered together, the overall duration of menstrual cycles for Gombe chimpanzees was 36.1 days (range 18-64 days; = 53). However, when the repro¬ ductive histories of the females were considered, cycles of young nulliparous females were found to be significantly longer than those of multiparous females (39.8 days versus 33.8 days, I = -2.06, < 0.05). For multiparous females, there was no significant difference in duration between fertile and infertile cycles (Table 1) .
Anogenital swelling phases
For determination of anogenital swelling phases (Table 1) , the following data sets were used: cycles of nulliparous females -20 cycles from six females; regular multiparous cycles Comparison of the anogenital swelling patterns of nulli¬ parous females with those of multiparous, infertile cycles showed a significant difference in the detumescent phase; nulliparous females showed a pattern of more rapid decrease in anogenital swelling after the last day of maximal tumescence (f = 2.09, < 0.04). Likewise, for infertile cycles of multiparous females, there was a significantly shorter detumescent phase of the first postpartum cycles compared with the subsequent cycles (f = 2.13, < 0.04). The tumescent phases of these classes showed no significant difference. Although no detumescent assessment was made for the fertile cycles, there was variation in tumescence. Regular fertile cycles had a significantly shorter tumescent phase than did the infertile regular cycles (t = -2.17, < 0.03). In an assess¬ ment of fertile cycles only, the first postpartum cycles had a longer tumescent phase than the regular cycles (f= -3.21, < 0.005). An analysis of all postpartum cycles, comparing fertile with infertile, indicated no significant difference in tumescent nor maximal tumescent phases. Similarly, there were no significant differences in any of the swelling categories in comparison of nulliparous females' cycles and first postpartum cycles.
Major reproductive parameters
Reproductive milestones of young females. Eight young female chimpanzees of exact known age exhibited their first full anogenital swelling during the period under review ( Table 2) .
Observation of four of these yielded sufficient data for assessing timing of the first pregnancy. The average age of Table 2) , with no significant effect of fetal gender and no effect of (estimated) age of mother. One twin birth, not included in this analysis, occurred after 206 days of gestation.
Postpartum amenorrhoea. When an infant lived to weaning age, the postpartum amenorrhoea of the mother lasted an average of 3.86 years, whereas if the offspring died as an infant the mother resumed reproductive cycles an average of 35 days after infant death (F= 85.36, < 0.0001).
Number of postpartum days to conception. After resumption of postpartum menstrual cycles, the next conception occurred an average of 142.5 days later if the previous infant had survived and an average of 92.9 days later if the previous off¬ spring died in infancy. This difference was not quite significant
Interbirth interval. For 11 cases (from six females), the interbirth interval was on average 5.15 years (Table 2) with no significant gender effect. When all 11 cases were analysed together, there was no correlation between interbirth interval and age of the mother (using birthyear estimates on record) (r= -0.007; =0.98). However, one female, Fifi, contributed five of the samples used in this analysis. When only her data were considered, there was a significant negative correlation between interbirth interval and age {r--0.912; =0.03).
The duration of five successive interbirth intervals was 5.11, 4.72, 3.89, 4.27 and 3.26 years.
Gender and survival of infants
Of 91 pregnancies occurring in 1964-1994, infant gender could be determined for 82. There were 37 female and 45 male infants (actually, 46, as one pregnancy resulted in twins). Of these, 75.8% of the females and 65.9% of the males lived to juvenile age.
Consortships
A review of the census charts for May 1975 to April 1994 indicated 117 implied consortships. Fourteen of these represent seven occasions on which two females were consorting with one male at the same time. From the conception assessment data (described above), the 117 consort pairings yielded 14 (11.9%) conceptions. These 14 consort conceptions represent 25% of the 56 known-month conceptions occurring during the 19 year period under review.
Although most of the 117 consort pairings included cyclic females, on ten occasions the females were already pregnant and on six occasions the females were acyclic and lactating, and had not resumed postpartum cycles. The duration of consortships ranged from 3 days to 3 months.
Seasonaiity
Of the postpartum cycles examined in this study, four were fertile, that is, conception occurred in the one and only cycle exhibited between successive deliveries. All four of these fertile postpartum cycles began during the month of June, resulting in conceptions in late June or July. (In addition to these four, there were two other postpartum cycles during the study period that led to conception but were not used in the analysis owing to lack of sufficient data. The onset of these, too, was in the dry season, one in July, the other in August.)
There was a seasonal effect on duration of infertile cycles of multiparous females. Cycles were shortest in the early dry season and longest in the late dry season (F = 3.27; < 0.04; Table 3 ). Although the trend was similar for nulliparous , 1936; 36.7 days, Wallis, 1992a) . However, the duration of the cycle varies with age although no proper investigation of this issue has been made until now. Young and Yerkes (1943) first noted that young nulliparous females exhibit longer cycles than do older females. Although they analysed 653 cycles for their report, and provided a mean of 37.28 days, they did not offer ageor parity-specific values to support their claim that cycle duration decreases with age. Similarly, Tutin and McGinnis (1981) reported an average cycle duration of 36 days (range 25-84) for nine females at Gombe, but although they identified three subjects as nulliparous and six as multiparous, they did not give details of cycle duration by age class, van Lawick-Goodall (1969) referred to a median cycle duration of 41 days for six young females, but did not provide comparative data for older females. Likewise, a report from Mahale gave a cycle duration of 27-39 days, but did not provide the parity or age of the females (Nishida et al, 1990 ).
Although the present study confirmed that the overall average cycle duration is approximately 36 days as cited in the literature the reproductive history of the female must be considered when assessing menstrual cycle duration accurately.
Confirming earlier implications from study of laboratoryhoused chimpanzees (Young and Yerkes, 1943) , young nulliparous females at Gombe exhibited significantly longer menstrual cycles than did older multiparous females. The range of cycle duration was quite large; the difference between the minimum and maximum figures found in the present study (46 days) is greater than the average cycle duration (36 days).
Research on captive chimpanzees found that anogenital tumescence lasts for approximately 3-7 days, maximal tumes¬ cence 10-12 days, and detumescence 5 days (Yerkes and Elder, 1936;  Graham, 1970; Wallis, 1992a). However, these studies did not separate the data by age class or fertility status; perhaps future research in captive settings will investigate these patterns in more detail.
The most often quoted data from field studies gives a slightly misleading picture; McGinnis (1979) provided informa¬ tion on the average anogenital swelling phases for seven females, implying that these figures were standard for wild chimpanzees: no swelling -13.6 days; tumescence -7.6 days; maximal tumescence -16.3 days; and detumesence -4.5 days.
As can be seen, these average figures equal a 42 day cycle, and a footnote in that publication identified all subjects as nulliparous. Because young females have longer cycles than do older females and tend to have a shortened postswelling period suggesting a short and inadequate luteal phase (Young and Yerkes, 1943) , caution must be used in applying these figures to a general population. This problem was addressed in the present study using a more detailed ex¬ amination of the Gombe chimpanzee records and assessing anogenital swelling phases in several classes of cycle.
In all classes analysed, the average duration of maximal anogenital swelling remained the same; maximal anogenital swelling in chimpanzees lasts approximately 12-13 days. However, there was variation, in the time required for the anogenital swelling to reach maximal tumescence (during 'tumescence') and variation in the time taken for the anogenital swelling to decrease from maximal to total quiescence (during 'detumescence').
There was a significantly shorter detumescent phase for nulliparous females than for their multiparous peers. This pattern, well documented in previous research, suggests anovulation in cycles of young females (Young and Yerkes, 1943; Clark and Birch, 1948; Graham, 1970) .
As observed by Young and Yerkes (1943), the postpartum cycles reverted to the adolescent pattern of a prolonged tumescent phase and shortened detumescent phase. These patterns are indicative of inadequate progesterone and oestro¬ gen production, again indicating possibly anovulatory cycles (Nadler et al, 1981) . However, even the fertile postpartum cycles showed a long tumescent phase in the present study.
Young and Yerkes suggested that, after pregnancy, there may be a short period of (re)adjustment in the pituitary comparable to the maturation process in adolescence. It may take more time for the reproductive system (and anogenital skin) to resume a pattern of swelling. (Indeed, regular cycles showed a significantly shorter duration of tumescence than did postpartum cycles.)
Of interest was the finding that regular fertile cycles had a significantly shorter tumescent phase than did regular infertile cycles. Similar findings were reported by Dahl et al. (1991) . This may suggest that long tumescence in regular cycles is corre¬ lated with infertility, since we can assume that females are sexually attractive during both infertile and fertile cycles. In other words, we may assume that the difference between infertile and fertile cycles is purely physiological rather than behavioural. Additional research on sexual behaviour, compar¬ ing activity during infertile and fertile cycles, will test the validity of this assumption.
The first tiny swellings of the genitalia, initially involving only the labia, appear when a wild female chimpanzee is around seven years of age (Goodall, 1986 ). Menarche and full ano¬ genital swellings usually occur 1-3 years after the first signs of swelling in the wild, at approximately 11-13 years of age (Tutin and McGinnis, 1981) . First anogenital swellings may appear as early as five years of age in the laboratory (personal observation) with menarche generally occurring by age eight (Keeling and Roberts, 1972) .
Under captive conditions, the period of adolescent infertility lasts 4-17 months, averaging just under one year (Young and Yerkes, 1943) . Tutin and McGinnis (1981) reported that, for four adolescent females living in Gombe National Park (Tanzania), the phase of infertility lasted 13-34 months.
Similarly, Nishida et al (1990) (Martin, 1981) , delivering young at age nine (Wallis, 1982) . However, in at least one exceptional case, a captive female chimpanzee conceived at age seven and deliv¬ ered at age eight (Wallis, unpublished data). The first partur¬ ition is estimated to occur at 12-14 years of age in Bossou, Guinea (Sugiyama, 1994) . Nishida et al (1990) reported an average 14.6 years at Mahale and Tutin and McGinnis (1981) gave an estimate of 13-15 years for Gombe.
The present study used data for young females of known age and reproductive events of known timing. The results compare favourably to the estimates provided in earlier field reports. The wide range of results in the study reported here suggests a need to investigate factors influencing delayed puberty versus enhanced reproductive function.
All studies of gestation in chimpanzees suggest an approxi¬ mate duration of eight lunar months. Some reports have relied on exact figures from timed matings and others use estimated figures by designating the last day of maximal anogenital swelling in the last normal cycle as the day of conception. Average values and ranges from captive study are: 236 days, (Yerkes and Elder, 1936) ; 228 days (Nissen and Yerkes, 1943) ; and 231.5 days (range = 192-260; = 40; Wallis and Lemmon, 1986) . Under natural conditions, gestation duration was esti¬ mated at 224.3 days, using the last day of maximal swelling as the day of conception (n = 16, Wallis and Goodall, 1993) . Twin births are rare in chimpanzees. Less than 5% of pregnancies result in twin births (Peacock and Rogers, 1959) and, as in humans, they typically have a short gestation. The first reported twin birth in captivity was after only 210 days of gestation (Yerkes, 1934) and at least one twin birth occurred after only 192 days (Wallis and Lemmon, 1986 ). In the wild, the only twin birth of properly estimated gestation was of 206 days (this study).
The gestation duration data used in the present study included a larger data set than that used by Wallis and Goodall (1993), but similar results were obtained. Of importance is the wide range in duration of gestation; the difference between the minimum and maximum figures found in this study (27 days) is greater than the duration of the shortest fertile reproductive cycle (26 days).
A study of 11 captive chimpanzees indicated postpartum amenorrhoea lasted an average of only 28 months (Courtenay, 1987) , which is much shorter than that seen in the wild.
Postpartum amenorrhoea lasted an average of 42 months (range 11-81 months) at Gombe (Tutin, 1980) and 43 months (range 30-51 months) at Mahale (Hiraiwa-Hasegawa et al, 1984) . The present study resulted in a similar figure for postpartum amenorrhoea after the infant lived (46 months or 3.86 years).
After infant death, females typically resume menstrual cycles very quickly, van Lawick-Goodall (1969) reported that three females exhibited anogenital swellings within a month of their infants' death; the average postpartum amenorrhoea after infant death in the present study was 35 days. Tutin and McGinnis (1981) found that conception occurred within 4-8 months after infant death (n = 5). One of their subjects became pregnant during the first postpartum cycle, but the median number of cycles exhibited between parturition and the next conception was 3.6 (n = 12, range = 1-11 cycles). At Mahale, females resumed cycles after an average of 62.6 days, giving birth at an average of 14.4 months, after infant death (Nishida et al, 1990) .
The present study examined 26 cases, determining the actual number of days between the onset of postpartum cycles and the probable day of conception. The results confirmed earlier reports that conception typically occurs sooner if the previous infant died than if the infant lived. As yet, no detailed investigation has identified factors that may expedite or delay the timing of conception, thus explaining the wide variability seen in both categories of the analysis.
The average interbirth interval reported in this study (5.15 years; = 11) closely resembles that provided in other reports (early Gombe estimate, Tanzania: mean = 5 years, 10 months, (1996) report that in the Kanyawara community of the Kibale Forest (Uganda), interbirth interval is estimated to average 7.2 years for 11 subjects. Wrangham suggests that this finding may be related to periods of fruit scarcity in the area. In nearby Ngogo, much more fruit is available and, based on the size differences apparent in siblings travelling with adult females, Wrangham suspects that the interbirth interval at Ngogo is substanti¬ ally shorter than at Kanyawara, perhaps around 4-5 years (Wrangham, personal communication). Continued work by Kibale researchers will examine whether there is a nutritional mechanism involved in the reproductive ecology of Ugandan chimpanzees.
Not surprisingly, data from captive chimpanzee popu¬ lations indicate a much shorter interbirth interval than that seen in the wild. Courtenay (1987) found an average interval of 3.8 years in the Taronga Zoo (Sydney). Bloomsmith (personal communication) reported that a 3.5-4.0 year inter¬ birth interval typically occurs in the University of Texas chimpanzee colony. However, the interval is larger for females that have been housed with the same males for many years; as in humans, familiarity in chimpanzees can lead to sexual disinterest and inactivity. Tutin and McGinnis (1981) identified 16 pregnancies at Gombe from November 1966 to February 1975. For 14 of these it was possible to establish the location and activities of the females at the time of conception. Seven (50%) conceptions occurred while the female was assumed to be on consortship, suggesting that more females conceive during consort matings than would be expected. This finding led to an interesting discussion of the importance of female choice and mating patterns, yet relied on very little data. In the present study, the incidence of consortship conceptions was re-examined more thoroughly, using a much larger data set.
The results from this study indicated that only 25% (14 of 56) of the known-month conceptions in 1975-1994 could have occurred during a consortship. This figure varies greatly from the 50% found in the short study by Tutin and McGinnis (1981) and may indicate that consort pairing is less important in overall reproductive strategy than was previously thought. In fact, preliminary assessment of the consort pairs suggests that this mating pattern may be strongly associated with individual preference. For example, of the 117 implied consort¬ ships, 26 (22.2%) included the adult male Evered. Evered was never in the alpha position, although he maintained a high rank throughout most of his adult life. He was very successful at coercing females for consort mating and, on three occasions, Evered escorted two females at the same time. During three cases, the female was already pregnant and on four occasions he consorted with infertile females. However, conception was achieved on at least three of his consortships. Consort mating may also be more preferable for some females than for others. Of the 14 known consort conceptions, four (28.6%) were for one female, Patti, who was a member of 19 (16.2%) of the implied consortships under review. Further investigation of the records may confirm whether there is individual preference in the choice of mating patterns.
Although the results of this study did not provide evidence that more females conceive during consort mating than would be expected (cf. Tutin and McGinnis, 1981) , this does not dismiss the importance of female mate choice in consortships. Tutin (1979) noted the selection criteria used by females; consort pairings are associated with care-giving behaviour such as grooming and food sharing, not dominance status. These affiliative behaviours may provide the female with a feeling of safety as consort mating away from the community may place the pair at great risk if encountered by a group of chimpanzees from another community. On one well-documented occasion, consort pair Evered and Candy left the Kasakela community on January 27, 1990, and lived well within the territory of the Mitumba community until 30 April 1990. Unfortunately for Evered, Candy did not conceive while on consortship. Instead, she continued to cycle after the pair returned to the Kasakela community and records indicate that conception occurred on approximately 19 June 1990, with parturition 227 days later. In other words, after investing more than three months on a risk-taking consortship into a neighbouring community, Candy conceived while participating in opportunistic mating in the group. (Records indicate that Evered was observed to copulate with Candy at least once on the estimated day of conception.) The results of this study along with these anecdotal cases suggest the need for further investigation into the costs and benefits involved in chimpanzee consortships (see Morin, 1993) .
This review of reproductive parameters considered the records from all individuals that fit the set criteria for inclusion in each analysis. However, an accurate assessment of the Gombe records must include special mention of one remarkable family and their important contribution to our understanding of the reproductive capacity of free-ranging chimpanzees. For the range of values listed in Table 2 , most of the minimum figures were contributed by one female, Fifi, and her eldest daughter, Fanni.
In the early days of habituation at Gombe, one of Goodall's first subjects was Flo, a then ageing female who appeared to have great reproductive success. When she died at an estimated age of 40, she had given birth to at least five healthy offspring. Her last period of postpartum amenorrhoea lasted only 3 years and 10 months (Goodall, 1968) and, although the last child died in infancy and the juvenile son preceding it died soon after Flo herself, Flo's other offspring became prominent in Gombe's social and reproductive history. Her second born son, Figan, served as alpha male of the Kasakela community for nearly 9 years, and her eldest son, Faben, was also high ranking in the community, despite being partially paralysed by polio (see Goodall, 1986 , for complete details). Flo's eldest daughter, Fifi, has more than matched the reproductive achievements of her mother. At the time of this writing, she has six living offspring and is pregnant for the seventh time all at an estimated age of 37. Fifi holds the Gombe record for shortest postpartum amenorrhoea after an infant lived (2.41 years), shortest interbirth interval (3.26 years), shortest gestation (208 days), and tied for the shortest time from onset of postpartum anogenital swelling to next concep¬ tion (16 days). As mentioned earlier, there was a negative correlation between interbirth interval and Fifi's age.
Fifi's progeny appear to be as socially and reproductively successful as her mother's. Her eldest son, Freud, is the current reigning alpha male in the community and her second-born son, Frodo, is high-ranking and the largest male on recent record at Gombe (approximately 50 kg, personal observation). The first test for paternity exclusion in the Gombe population conclusively identified Frodo as the father of infant Sherehe , conceived when Frodo was exactly 14 years of age.
Fifi's third-born offspring, Fanni, has now added to the F Family's record-setting reproductive accomplishments. Fanni set the Gombe record for age at first full anogenital swelling (8.5 years), age at first conception (10.5 years), and became Gombe's youngest mother with first parturition at 11.1 years of age. Fi/i's fourth offsping, Fiossi, exhibited irregular but full swellings at age 9 and by age 10 transferred to the nearby Mitumba community, where she has become a regular (and sexually active) member of the group.
Fifi and Fanni's histories are unusual in free-ranging condi¬ tions; in fact, the F Family's reproductive statistics are similar to those of captive chimpanzees. Early maturation and accelerated rates of reproduction in captive settings are thought to be indicators of better nutrition. It is possible that the F Family's diet has influenced their reproductive success.
Female chimpanzees tend to maintain a preferred 'home' range within their community and it happens that the preferred range of Flo, Fifi and now Fanni has been the central region of the Kasakela territory. This area includes the 'feeding station' -birthplace of chimpanzee habituation (via banana provisioning). During recent years, provisioning has been greatly reduced; for the period of 1989-1993, females spent less than 1% of their total feeding time eating bananas (Wallis, unpublished data). However, before that time, large numbers of bananas were provided at the feeding station and members of the F Family have been the most frequent visitors (Goodall, 1968;  (Wallis, 1992b) . As yet, no detailed chemical analysis has been made of P. tinctorius, nor has a thorough examination of female diet been conducted for the Gombe females.
Whether the F Family's reproductive accomplishments are due to phytochemicals in the diet, enhanced nutrition, social dominance, 'good genes', or a combination of factors, these data are a reminder that it is important to consider individual differences and potential environmental influences when discussing reproduction in chimpanzees. A more thorough examination of nutritional content of the Gombe diet and a detailed assessment of female feeding patterns may provide answers to this question of chimpanzee reproductive ecology.
Complete details of seasonal influence on reproduction in the Gombe chimpanzees are given in Wallis (1995) . That study indicated that late dry season is an important time for various aspects of reproduction and fertility. Likewise, in the present study, there was a seasonal influence on infertile cycles of multiparous females; they were shortest during the early dry season, longest during the late dry season, with average duration exhibited during the wet season. There were no significant differences in the duration of anogenital swelling by seasonal quarter; the difference was in the phase of quiescence. This finding is difficult to interpret; however, the short duration in early dry season may suggest that some of these cycles were anovulatory (see Young and Yerkes, 1943) . If this is the case, there may be a seasonal effect via dietary content.
One of the more unusual findings of the previous study was a seasonal pattern of conceptions, concentrating in the dry season. However, because of variable duration of gestation, there was no corresponding seasonal effect on time of births (see Wallis, 1995, for details). The data form a more striking pattern when the conceptions are assessed by both month and year of occurrence. All known-month conceptions occurring in the Kasakela community from 1967 to 1990 are illustrated ( Fig. 1 ). (Note: more recent conceptions were omitted for this analysis, so that infant survival could be considered). The figure shows that, during the 12 year block of 1967-1978, there was a random distribution of conceptions throughout the year; of the 35 conceptions identified, 16 (45.7%) occurred during the dry season. However, for the following 12 years (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , the pattern was not random. Because there were fewer adult females in the community at that time, there were only 27 known-month conceptions. Of these, 21 (77.8%) occurred during the dry season. A chi-squared analysis of the two seasons by the two 12 year blocks indicated a significant seasonal effect (chi-squared = 8.59, P< 0.04).
There may be many factors involved in producing such a seasonal pattern of conception. However, none of these factors, is readily apparent. Over the years, there have been a number of events that effected changes in the Kasakela population: a polio epidemic in 1966; pneumonia epidemics in the mid-1960s and mid-1980s; a community split in 1970-1972; and infanti¬ cide committed by adult female Passion in 1974 Passion in -1977 Although these events influenced changes in the popu¬ lation structure at the time, it is unlikely that they would produce such a drastic and lasting change in conception patterns.
It may be that variation in diet (brought about by changes in rainfall) may account for the irregular conception pattern.
Rainfall patterns in Gombe have been quite variable over the years. Preliminary assessment of available rainfall data suggest a significant increase in annual rainfall between 1976 and 1982 (J. Moore, personal communication); any possible effect of this on conception patterns starting in 1978, however, would necessarily involve a significant phenological delay.
The data also indicate an unusual pattern in infant mortality; conceptions occurring in the late dry season and early wet season typically led to miscarriage or early infant death during the most recent 12 year block (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) . There is no similar trend in the previous 12 years.
In the earlier investigation of seasonal influence, it was suggested that variation in diet may produce the seasonal pattern of anogenital swelling, conception, and timing of other reproductive events seen in Gombe chimpanzees (Wallis, 1995) . There may be an indirect influence of diet; because feeding parties are larger in the dry season, females may be stimulated by one another while in close proximity -effec¬ tively enhancing reproductive cyclicity such as synchronization of cycles of anogenital swelling (see Wallis, 1985; 1992b , 1994 . Or, as suggested above, diet may directly influence maturation and fertility either via nutritional content or chemical (phytoestrogen) content. Future study of female chimpanzee feeding ecology combined with laboratory analysis of diet and faecal steroid content will help to answer questions generated from the present study. The answers require long-term comparative research from a number of field sites across Africa, with special attention to individual differences in subjects and habitat type.
Only then may we begin to understand fully environmental influences on reproduction of this highly vulnerable species and its precarious future.
